Introduction
============

Leishmaniasis is recognized as an important but neglected parasitic disease, involving intracellular protozoa from the genus *Leishmania.*This disease, which is endemic to 98 countries, mostly affects underprivileged classes in both developed and developing countries. Statistics indicate a prevalence of 12 million cases worldwide, and 350 million people are prone to leishmaniasis ([@B1]-[@B3]). Annually, 1-1.5 million new cases of cutaneous leishmaniasis (CL) and 500 000 new cases of visceral leishmaniasis (VL) are reported ([@B4]-[@B6]). CL in humans has been attributed to more than 15 species of parasites. It involves different clinical types, including self-limiting but scarring skin lesions and even chronic disorders, such as diffuse cutaneous leishmaniasis (DCL) and mucocutaneous leishmaniasis ([@B7]-[@B9]).

Leishmaniasis threatens many people worldwide due to the absence of suitable vaccine and treatment, global warming, war, and migration ([@B10]-[@B12]). Currently, leishmaniasis is controlled by chemotherapeutic compounds ([@B13]-[@B15]). For more than 70 years, pentavalent antimonials, including meglumine antimonate (glucantime) and sodium stibogluconate, have been the first choice for leishmaniasis treatment. However, high concentrations of drugs, recently required for treatment due to the increased drug resistance of *Leishmania* parasites, have led to their accumulation in tissues (*e.g.*, kidney, heart, and liver) and may even cause serious adverse effects, such as fatal arrhythmias ([@B16], [@B17]).

Amphotericin B (AmpB) and its lipid formulations (*e.g.*, paromomycin and pentamidine) are also used in the event of resistance, intolerance, or contraindication to antimonial compounds ([@B18]-[@B20]). Overall, application of these anti-leishmanial drugs is limited because of their drawbacks, which include toxicity, high cost, long-term treatment, drug resistance, and invasive administration route ([@B13], [@B21]-[@B24]).

In order to overcome the side effects caused by antileishmanial drugs, recent researches have focused on new compounds against leishmaniasis. The similarity in signaling pathways between cancer and parasites has encouraged parasitologists to use anticancer compounds to design new antiparasitic drugs ([@B25]). For example, various antineoplastic agents, alone or in combination with other drugs, including artemisinin ([@B26]-[@B28]), imatinib ([@B29]), 5-fluorouracil ([@B30]), and tamoxifen ([@B31]), have shown anti-parasitic effects. Also, the strong leishmanicidal effect of miltefosine, an anti-cancer drug, has been confirmed; however, its application is limited because of severe gastrointestinal side effects and teratogenic effects during pregnancy ([@B32], [@B33]).

Anti-neoplastic platinum compounds (*e.g.*, cisplatin, carboplatin, and oxaliplatin) inhibit DNA transcription and replication, leading to cell death and apoptosis induction in actively dividing cells ([@B34]).

In recent research, some platinum compounds, such as carboplatin and cisplatin, have induced leishmanicidal effects in BALB/c mice against *Leishmania donovani* *(L. donovani)* infection, characterized by a decline in parasite burden and an increase in DTH response and multiple biochemical indices ([@B35]).

Oxaliplatin (Eloxatin) is recognized as a new antineoplastic platinum derivative with a DACH carrier ligand ([@B34]). Therefore, this study aimed to examine the antileishmanial activities of oxaliplatin against *L.* *major* both *in-vitro* and *in-vivo*. To the best of our knowledge, this is the first report of oxaliplatin effects on CL.

Experimental
============

*Cultivation of L. major parasites*

The promastigotes (MRHO/IR/75/ER) were cultured in RPMI-1640 medium (Gibco-BRL, USA) and L-glutamine (20 mM), containing 10% fetal bovine serum (FBS; Gibco-BRL, USA), 100 μg/mL of streptomycin (Sigma), and 100 U/mL of penicillin; incubation was then carried out at 26 °C. Using an inverted microscope, the growth of*L. major*promastigotes was examined each day ([@B36]).

*Culture of Raw 264.7 macrophage cells*

To evaluate cytotoxicity and obtain an amastigote macrophage culture, the RPMI-1640 medium, containing streptomycin (100 μg/mL), 10% FBS, and penicillin (100 U/mL), was used for culturing at 37 °C (5% CO~2~). The macrophage cell growth was evaluated daily using an inverted microscope. When the cells reached about 80-90% confluence, they were subcultured into a new flask containing fresh cell culture medium.

*Drug preparation*

Oxaliplatin was purchased from Sigma Aldrich Co. (USA) as white powder with 99% purity and a molecular weight of 397.29 g/mol. After dissolving oxaliplatin in distilled water (1 mL) to obtain a 5-mg/mL stock concentration from the drug, it was aliquoted in 0.5 mL vials (Eppendorf tubes) for storage at 4 °C until use. For *in-vitro* experiments, different concentrations of drugs (*i.e.*, 400, 200, 100, 50, 25, 12.5, 6.25, 3.12, 1.56, and 0.78 µg/mL) were prepared using the RPMI-1640 medium.

*Anti-promastigote activity assay, proliferation assay*

To examine the anti-leishmanial effects, *L. major* promastigotes in the logarithmic growth phase (2 × 10^6^ parasites/mL) were cultured in 96-well microtiter plates containing RPMI-1640 medium with 10% FBS; they were then incubated at 24 ± 2 °C overnight. Following incubation, 100 µL of different oxaliplatin and AmpB concentrations were used to treat the promastigotes for 72 h. The promastigotes cultured with no drugs and RPMI-1640 medium with no promastigotes or drugs were respectively used as the negative control and blank; the experiments were repeated three times. The number of promastigotes was counted under an optical microscope to determine the anti-leishmanial effects, using a hemocytometer chamber. In addition, IC~50~was assayed by non-linear regression analysis.

*Promastigote viability test*

The *L. major* promastigotes were evaluated in terms of mitochondrial oxidative activity by measuring parasite viability with the colorimetric MTT method (Sigma Aldrich, USA). Briefly, *L. major* promastigotes (2 × 10^6^ cells/mL) were cultured in plates (Nunclon®, Denmark) containing oxaliplatin (400 to 0.78 µg/mL) at 24 °C for 72 h. On the other hand, the positive control was AmpB, and the negative control included promastigotes cultured in RPMI-1640 medium with 10% FBS without the drug.

Incubation was performed for three hours at 37 °C after adding 5 mg/mL of MTT solution (20 µL) to the wells. Then, DMSO (100 µL/well) was used to solubilize formazan crystals at room temperature for half an hour ([@B37]). An ELISA reader (ELX800) was used to read absorbance at 570 nm. In addition, the IC~50~of *Leishmania* growth was measured by applying non-linear regression analysis ([@B38]). The following formula was measured to determine the viability percentage of promastigotes ([@B39]).

\[(AT--AB)∕(AC--AB)\] × 100%

where AB, AC, and AT represent the OD of the blank well, negative control, and treated cells, respectively.

*Cytotoxicity and selectivity index*

Macrophage viability was determined using the MTT method (Sigma Aldrich, USA). Briefly, after seeding murine macrophage Raw 264.7 cells in 96-well microtiter plates in triplicate, incubation was performed overnight at 37 °C. Then, a fresh medium (100 µL) was used to replace the medium. The cells were treated using different oxaliplatin concentrations as serial dilutions, and AmpB was used as the positive control at 37 °C. After incubation for 72 h, 5 mg/mL of MTT solution (20 µL) was poured in the wells, and incubation was repeated at 37 °C for three h.

The formazan crystals were solubilized in DMSO (100 µL/well) for 30 min at room temperature. The colorimetric reaction was read using an ELISA reader (ELX800) at 570 nm. The non-linear regression analysis was used to measure the CC~50~ value in GraphPad Prism 6.07 (GraphPad Inc., USA). The selective index (SI) was also calculated by measuring the CC~50~ to IC~50~ ratio ([@B38]).

${Cell\ viability}\left( \% \right) = \frac{\left( {{average\ absorbance\ in\ triplicate\ drug\ wells} - {average\ blank\ wells}} \right)}{average\ absorbabce\ control\ wells} \times 100$

*Anti-amastigote activity*

After seeding murine macrophage-derived Raw 264.7 cells on round glass coverslips in 12-well plates containing RPMI-1640 medium (with 10% FBS), they were incubated at 37 °C overnight. The adherent macrophages were exposed to*L. major* promastigotes (macrophage-parasite ratio1:10) after washing the non-adherent cells with phosphate buffered saline (PBS); they were then placed at 37 °C for 24 h for phagocytosis of promastigotes.

For the removal of free promastigotes, the infected macrophages were washed in PBS. For treatment, 6.25, 12.5, and 25 µg/mL of oxaliplatin and AmpB as the positive control were used at 37 °C. The medium with the infected macrophages but without the drug was used as the negative control. After 72 h, the coverslips were fixed in methanol and stained with Giemsa stain solution. The percentage of infectivity was assessed for each sample by measuring the ratio of infected macrophages to 300 macrophages in triplicate. The infection index rate (IIR) represents the mean amastigote count per macrophage cell ([@B40], [@B41]).

*Detection of phosphatidyl serin exposure*

An Annexin-V FLUOS staining kit (Bio-vision, USA) was used to evaluate oxaliplatin induced apoptosis. In brief, *L. major* promastigotes in murine macrophage derived Raw 264.7 cells were exposed to 50 and 100 µg/mL concentrations of oxaliplatin, as mentioned above. Promastigotes and macrophages exposed to no drugs were used as the control groups. After 72 h, the cells were washed in cold PBS and harvested by centrifuging at 14,000 g for 10 min.

The supernatants were removed and the pellets were resuspended in 500 μL binding buffer, 5 μL annexin-V, and 5 μL propidium iodide (PI). Then, the samples were incubated in darkness at 26 °C for 15 min. Apoptosis was assayed by detecting the PI fluorescence intensity using a FACS Calibur flow cytometer (Becton Diekinson). The results were analyzed using CellQuest software.

*Experimental animals*

In the present study, Razi Institute of Iran provided female BALB/c mice (4-6 weeks old; 18-20 g). They were kept under optimal conditions (25-26 °C; relative humidity, 55-65%) at the animal facilities of Tarbiat Modares University, Tehran, Iran. The ethics committee of the university approved all animal procedures. We used 36 mice which were infected subcutaneously in the tail base using stationary phase promastigotes. When the nodules were developed in the injection site, the animals were randomly divided into three groups (12 mice per group). Then, animals of each group were divided into three subgroups (n = 4 mice) to measure lesion size, parasite burden, and cytokine assay.

*Development of leishmanial lesions and treatment*

In this study, the mice were infected subcutaneously in the base of the tail using 100 µL of a stationary phase promastigote suspension (1 × 10^6^ parasites). The animals were divided into groups when the nodules developed in the injection site (15-20 days after infection). Group I received 25 mg/kg of oxaliplatin daily for 30 days (i.p. route), group II received 20 mg/kg of glucantime daily for 30 days (IM route), and group III (control) received 200 µL of PBS (i.p. route). From each group, four mice were selected to measure the lesion size. To examine the drug efficacy, the width and length of the lesion were weekly measured using a digital caliper. The differences in the mean lesion size were assayed by Two-way ANOVA and Bonferroni post-hoc tests.

*Parasite burden*

To determine the parasite burden, four mice were euthanized from each group at four weeks post-treatment, and their spleens were removed under aseptic conditions.

The homogenized spleen tissue (10 mg) was cultured in 96-well cell plates containing RPMI-1640 medium with 100 IU/mL of penicillin, 10% FBS, and 100 µg/mL of streptomycin at serial dilutions of 1-10^-20^. Then, incubation was carried out at 26 °C. After seven and 14 days, to determine mobile promastigotes in each well, the plates were evaluated using an inverted microscope at 40X magnification. The final dilution with at least one motile promastigote was considered as the final titer. The following equation was used to determine the number of parasites:

parasite burden = -log (parasite dilution/tissue weight).

*Cytokine assay*

For IFN-γ and IL-4 measurements, splenocytes were exposed to soluble *Leishmania* antigen (SLA), obtained from stationary phase promastigotes according to previous studies ([@B42]). After euthanizing four mice from each group at four weeks post treatment, the spleens were extracted and aseptically homogenized in PBS.

The supernatant was removed after double washing in PBS, and the cell pellets were resuspended in cold ammonium-chloride-potassium lysis buffer (5 mL; 0.15 M NH~4~Cl, 10 mM KHCO~3~, and 0.1 mM Na~2~EDTA); also, erythrocytes were lysed by incubating for 5 min at room temperature. After washing, 3 × 10^6^ cells/well were seeded in the plates, containing RPMI-1640 medium, which was supplemented with 100 μg/mL of streptomycin, 10% FBS, and 100 U/mL of penicillin; they were then exposed to 25 μg/mL of SLA at 37 °C. The supernatant was harvested after 72 h to assay cytokine levels ([@B43]). Also, ELISA kits (MABTECH, USA) were used, as outlined by the manufacturer, to measure IL-4 and IFN-γ.

*Statistical analysis*

For data analysis, GraphPad Prism 5.0 (Graphpad Inc., USA) was used. The results were compared using parametric tests including unpaired samples *t*-test and One-way or Two-way ANOVA. *p*-value \< 0.05 was considered significant. The values are presented as mean ± SD. Graphpad Prism was used for plotting the graphs.

*Ethical considerations*

The Ethics Committee of Tarbiat Modares University approved all stages of the study, including animal maintenance and handling (ID.IR.TMU.REC.1394.259).

Results
=======

*Proliferation of L. major promastigotes*

The number of *L. major* promastigotes was evaluated in the presence and absence of oxaliplatin and AmpB for 72 h at 24 °C.

The results demonstrated that all concentrations of oxaliplatin significantly reduced the proliferation of *L. major*promastigotes, compared with those exposed to no drugs (*p* \< 0.001) ([Figure 1](#F1){ref-type="fig"}). The growth inhibitory effects of the drugs were dose--dependent. In other words, concentrations of 400 and 0.78 µg/mL resulted in the highest and lowest efficacies, respectively, on inhibiting the proliferation of *L. major* promastigotes. Moreover, it was shown that the exposure to 400 µg/mL of oxaliplatin inhibited the proliferation of *L. major*promastigotes completely after 72 h. IC~50~ values in the promastigotes treated with oxaliplatin and AmpB were 0.5 µg/mL and 0.28 µg/mL after 72 h, respectively.

*Metabolic activity of promastigotes and cytotoxicity*

Oxaliplatin efficacy on the metabolic activity of *L. major*promastigotes was measured by optical density (OD) following MTT assay to further confirm the microscopic examinations. Oxaliplatin reduced the metabolic activity of *L. major*promastigotes and showed similar activity of the reference drug AmpB, compared with those receiving no drug after 72 h (*p \<*0.001).

The viability of *L. major* promastigotes showed the dose-dependent response ([Figure 2A](#F2){ref-type="fig"}), and effectiveness enhanced with the increase in drug concentrations. Viability of *L. major* promastigotes was 59.2% and 15.7% for 0.78 and 400 µg/mL of oxaliplatin, respectively, while viability of promastigotes was 29.7% and 2% in the presence of 0.78 and 400 µg/mL of AmpB.

Also, viability of macrophages treated with 0.78 and 400 µg/mL of oxaliplatin was 77.5% and 29.2%, and the corresponding values for macrophages exposed to AmpB were 89.8% and 49.4%, respectively after 72 h ([Figure 2B](#F2){ref-type="fig"}). CC~50~ values in macrophages treated with oxaliplatin and AmpB were 66.78 and 184 µg/mL after 72 h respectively. Additionally, the results showed SI around 9.26 and 230 for oxaliplatin and AmpB after 72 h respectively ([Table 1](#T1){ref-type="table"}).

*Treatment of infected macrophages*

The activity of oxaliplatin and AmpB against *L. major* amastigotes was assayed, and the percentage of infectivity and IIR were calculated in the infected macrophages, treated with 6.25, 12.5, and 25 µg/mL of oxaliplatin or AmpB as the control.

The results reported 89.3% of infection with *L. major* promastigotes in the stationary phase, and the mean number of amastigote/cell was 4.7 after 24 h.

The results showed infectiveness reduction in macrophages treated with oxaliplatin and AmpB in comparison with untreated macrophages (*p \<*0.001). The concentrations of these drugs revealed greater reduction in percentage of infectivity and IIR in macrophages so that percentage of infectivity was 4 and 2.33 in macrophages treated with 6.25 and 25 µg/mL of oxaliplatin, respectively

([Table 2](#T2){ref-type="table"}).

The IC~50~ values of oxaliplatin and AmpB were 6.7 and 17 µg/mL against *L. major*amastiogtes, respectively. In addition, macrophages treated with 6.25, 12.5, and 25 µg/mL of oxaliplatin or AmpB showed a significant decrease in the percentage of infectivity and IIR, compared with the controls (*p \<* 0.001), while no significant difference was found in infectivity or IIR of macrophages treated with oxaliplatin and AmpB.

*Apoptosis induced by oxaliplatin*

[Figure 3](#F3){ref-type="fig"} shows the results of flow cytometric analysis for promastigotes, infected macrophages, treated macrophages with 50 and 100 µg/mL of oxaliplatin, and macrophages treated with no drugs after 72 h. The results revealed necrosis and apoptosis in the promastigotes and macrophages. The rate of apoptosis caused by 50 and 100 μg/mL of oxaliplatin in the promastigotes was 68.65% and 83.21%, respectively, whereas in the control group (promastigotes) that received no drugs, 98.99% of the cells were alive and 0.39% were apoptotic.

The percentage of apoptosis induced in macrophages exposed to 50 and 100 μg/mL concentrations of oxaliplatin was 34.91% and 40.94% respectively, while in the control group (macrophages) that was exposed to no drugs, 91.20% of the cells were alive and 6.74% were apoptotic ([Figures 3A and 3B](#F3){ref-type="fig"}).

*Lesion size*

Nodules developed in the injection site of parasites about 15-20 days post-infection. Lesion size in mice receiving PBS, glucantime, and oxaliplatin is shown in [Figures 4A-4C](#F4){ref-type="fig"}.The results demonstrated that the mean lesion sizes reduced in groups receiving oxaliplatin and glucantime, compared with the PBS group in the second (*p \<*0.01), third, and fourth week (*p \<*0.0001) post-treatment. However, no difference in the mean lesion size was observed between the oxaliplatin and glucantime groups ([Figure 4D](#F4){ref-type="fig"}).

*Parasite burden*

The parasite load decreased significantly in groups treated with oxaliplatin and glucantime compared with the groups receiving PBS (*p \<*0.05), whereas no significant difference was reported in parasite burden between mice treated with oxaliplatin and those treated with glucantime ([Figure 5](#F5){ref-type="fig"}).

*Cytokine assay*

The IFN-γ and IL-4 levels were significantly different between the PBS group and mice treated with oxaliplatin and glucantime ([Figures 6A and 6B](#F6){ref-type="fig"}). IFN-γ level increased in mice that received oxaliplatin or glucantime versus the PBS group (*p \<* 0.01).

Nevertheless, a significant increase was found in the IL-4 level of the mice treated with oxaliplatin in comparison with the PBS group (*p \<*0.05), similar to the glucantime group (*p \<*0.01).

However, IFN-γ and IL-4 levels were not significantly different between the oxaliplatin and glucantime groups. The IFN-γ/IL-4 ratio in mice treated with oxaliplatin, glucantime, and PBS was 1.58, 1.65, and 0.63, respectively.

![Antileishmanial effects of oxaliplatin or AmpB on the proliferations of *L. major*promastigotes after 72 h, *in-vitro*. All experiments were performed in triplicate](ijpr-18-2028-g001){#F1}

![Percent viability of macrophages and *L. major*promastigotes exposed with oxaliplatin or AmpB after 72 h, *in-vitro*. (A) percent viability of *L. major*promastigotes and (B) percent viability of macrophage cells](ijpr-18-2028-g002){#F2}

![The results obtained from flow cytometry analysis on (A) *L. major*promastigotes and (B) Raw 264.7 macrophage Cells staining with Annexin V and Propidium Iodide after treatment with 50 and 100 µg/mL concentrations of oxaliplatin after 72 h, *in-vitro*](ijpr-18-2028-g003){#F3}

![Lesion size in BALB/c mice infected with *L. major*promastigotes. (A-C) show the lesions in tail base of the mice that received PBS, glucantime and oxaliplatin respectively. (D) shows the mean ± SD of the mean lesion size which monitored weekly after treatment](ijpr-18-2028-g004){#F4}

![Parasite burden in the mice treated with oxaliplatin, glucantime or PBS. The number of promastigotes was compared between all groups by One-way ANOVA test. The asterisk sign shows the significant difference between the number of promastigotes as determined (*p*\< 0.05 represented as \* and ns. represented as non-significant). Each bar shows mean ± SD of the number of promastigotes obtained from each group](ijpr-18-2028-g005){#F5}

![Cytokine levels were produced by the splenocytes obtained from BALB/c mice received oxaliplatin, glucantime or PBS. Cytokine levels were compared with One-way ANOVA. Each bar represents Mean ± SD of cytokine concentrations. (A and B) indicate respectively IFN-γ and IL-4 levels and (C) shows IFN-γ/IL-4 ratio. The asterisk sign shows the significant difference between cytokine values as determined (*p*\< 0.05 represented as \*, *p*\< 0.01 represented as \*\* and ns. represented as non-significant)](ijpr-18-2028-g006){#F6}

###### 

Determination of IC50, CC50 and SI of promastigotes and Raw 264.7 macrophage cells treated with oxaliplatin and AmpB*, in-vitro*(µg/mL)

  **SI** ^c^   **CC** ~50~ ^b^   **IC** ~50~ ^a^   **Drug**
  ------------ ----------------- ----------------- -------------
  9.26         66.7 ± 1.82       7.19 ± 0.85       Oxaliplatin
  230          184 ± 2.26        0.8 ± 0.65        AmpB

^a^50% inhibitory concentration of promastigote growth.

^b^50% inhibitory concentration of the macrophages.

^c^selectivity index was measured by calculation of CC~50~/IC~50~ ratio.

The data were expressed as mean ± standard errors. IC~50~ and CC~50~ was calculated by non-linear regression analysis.

###### 

Determination of infection index rates and infectivity% of macrophages infected by *L. major* promastigotes and exposed to different concentrations of oxaliplatin and AmpB. The results were expressed as mean ± standard deviation of Infectivity% and IIR in untreated and treated macrophages, *in-vitro* (µg/mL)

  **AmpB/IC** ~50~ **(17 ± 1.23)**   **Oxaliplatin/IC** ~50~ **(6.7 ± 0.82)**   **Concentrations**                 
  ---------------------------------- ------------------------------------------ -------------------- ------------- ------------------
  4.7 ± 0.2                          89.3 ± 0.03                                4.7 ± 0.2            89.3 ± 0.03   Negative control
  2.57 ± 0.04                        10 ± 2.64                                  2.28 ± 0.02          4 ± 1.52      6.25
  2.47 ± 0.07                        8.3 ± 1.52                                 2.33 ± 0.03          3 ± 1         12.5
  2.37 ± 0.07                        6.33 ± 1.15                                2.19 ± 0.02          2.33 ± 0.57   25

Discussion
==========

Current treatments against leishmaniasis are limited because of unacceptable toxicity, high costs, and appearance of drug resistance in some endemic areas ([@B44]). Therefore, researchers are constantly seeking new drugs with potential leishmanicidal activities and low toxicities. In previous studies, the anti-leishmanial activity of some anti-cancer drugs such as miltefosine ([@B45]), tamoxifen ([@B46]), artemisinin ([@B47]), and 5-fluorouracil ([@B30]) has been reported. The anti-leishmanial effects of miltefosine are caused by apoptosis in cell membrane phospholipids and formation of inflammatory cytokines (*e.g.*, TNF-α and IL-12) ([@B45]).

Doxorubicin and Doxil are two other anticancer drugs that have shown leishmanicidal efficacies by reducing growth in both*L. major* promastigotes and amastigotes ([@B48]). Platinum compounds including cisplatin and oxaliplatin are standard drugs in cancer treatment and have the same effect mechanism at DNA as their pharmacological target. However, their toxicities and specificity of tumor tissues are different ([@B49]). The antileishmanial effects of cisplatin alone or in combination with herbal compounds against *Leishmania donovani* were confirmed *in-vitro* and *in-vivo*; however, application of this drug was limited because of its toxic effects on tissues ([@B50]).

Oxaliplatin is generally recognized as a third-generation antineoplastic drug, used either alone or in combination with other drugs ([@B51]). Oxaliplatin is used as first or second-line treatment for advanced colorectal cancer, and it has shown more safety with less nephrotoxicity or ototoxicity than other platinum derivatives ([@B52]). Oxaliplatin has also shown therapeutic efficacies against ovarian cancer with better tolerability and equal effectiveness compared with carboplatin ([@B53]). Oxaliplatin, by formation of DNA lesions, DNA synthesis arrest, inhibition of RNA synthesis, and stimulation of immunologic reactions, leads to apoptosis in cancer cells ([@B54]).

Generally, oxaliplatin can induce both apoptosis and necrosis ([@B55]). The anticancer effects of oxaliplatin improve when it is associated with other cytotoxic drugs, such as 5-fluorouracil, leucovorin, or Vorinostat ([@B51], [@B56]). These results encourage researchers to examine the anti-leishmanial activities of oxaliplatin against *L. major* both *in-vitro* and *in-vivo*.

The current findings demonstrated that oxaliplatin inhibited *L. major* promastigote proliferation in time and concentration-dependent manners, similar to the reference drug (AmpB); its effectiveness improved with an increase in drug concentration and duration. Also, 400 µg/mL of oxaliplatin was the most effective in inhibiting promastigote growth after 72 h of incubation. In addition, the results proved that viability of *L. major*promastigotes and macrophages exposed to oxaliplatin reduced in a concentration-dependent manner, same as the reference drug, AmpB. The viability of *L. major* promastigotes was 59.2% and 15.7% for 0.78 and 400 µg/mL of oxaliplatin, respectively, and viability of macrophages treated with 0.78 and 400 µg/mL of oxaliplatin was 77.5% and 29.2%.

Although the present results showed the antileishmanial activity of oxaliplatin on *L. major* promastigotes *in-vitro*, it also had cytotoxic effects on Raw 264.7 macrophage cells. Fazio *et al*. reported that oxaliplatin induces suicidal death in human erythrocytes through cell shrinkage and membrane scrambling by phosphatidylserine translocation to the erythrocyte surface ([@B55]). Therefore, safety of oxaliplatin for human cells is questionable. Consequently, oxaliplatin reduced the metabolic activity of *L. major* promastigotes just like AmpB. Oxaliplatin also inhibited the growth of amastigote forms inside macrophages. Percentage of live amastigotes in infected macrophages reduced in the presence of oxaliplatin or AmpB so that percentage of infectivity and IIR decreased in the macrophages exposed with oxaliplatin and AmpB compared with those in control group.

Furthermore, 25 µg/mL of oxaliplatin caused a 97% reduction in the percentage of infectivity of macrophages, while AmpB reduced it about 93%. Therefore, the findings showed that oxaliplatin may act as a suitable antileishmanial agent and may even be more effective than AmpB against *L. major* amastigotes.

These results confirmed the findings reported by Shokri *et al.*who found that the antileishmanial effects of doxorubicin and Doxil at higher concentrations were greater than meglumine antimoniate ([@B48]). Also, tamoxifen and ZnO nanoparticles inhibited the proliferation of promastigote and amastigote stages of *L. major*in a concentration and time dependent manner ([@B57]).

Oxaliplatin concentrations of 50 and 100 μg/mL induced 68.65% and 83.21% apoptosis in *L. major* promastigotes, respectively, and its apoptotic effects increased at higher drug concentrations with slight alterations in necrotic values. Ghaffarifar *et al.* (58) showed 49.03% and 81.31% apoptosis in *L. major* promastigotes at the same concentrations of artemisinin, respectively. Similar results have been obtained with other anticancer drugs; for instance, miltefosine and tamoxifen revealed their leishmanicidal effectiveness by inducing apoptosis in the promastigotes of *Leishmania* species ([@B59]).

The results of the murine model in this study showed that the mice treated with glucantime and oxaliplatin developed smaller lesions, compared with the control group, while the oxaliplatin and glucantime groups were not significantly different. However, none of those could heal the lesions completely. Also, the parasite burden decreased in the oxaliplatin and glucantime groups. In the current study, a relationship between lesion size and load parasite was observed. These findings are in line with the analysis of antileishmanial activity of cisplatin, which reduced parasite burden in VL-infected mice caused by *L. donovani* ([@B35]).

In another study, hydrogels containing the active extract of *Libidibia ferrea*led to a reduction in parasite burden and lesion size in *L. amazonensis-*infected golden hamsters ([@B60]). Furthermore, similar to glucantime, the splenocytes of mice treated with oxaliplatin produced higher IFN-γ levels, compared with the PBS group. Although IL-4 levels also increased in groups receiving glucantime or oxaliplatin, the IFN-γ/IL-4 ratio in the glucantime and oxaliplatin groups was 2.5 and 2.61 times higher than that of the PBS group, respectively. Oxaliplatin may reduce disease caused by *L. major* in BALB/c mice by increasing the inflammatory cytokines.

Conclusion
==========

The current results imply an effective antileishmanial activity for oxaliplatin against *L. major* promastigotes and intracellular amastigotes. Additionally, use of oxaliplatin was promising in the treatment of *L. major* infected BALB/c mice by decreasing the parasite burden and lesion size and by increasing IFN-γ production. These findings suggest that oxaliplatin can be used as a drug either alone or along with other antileishmanial products for CL treatment. Despite the anti-leishmanial activity of oxaliplatin on *L. major* promastigotes *in-vitro*, the cytotoxic effects on macrophage cells were reported. Therefore, the safety of oxaliplatin for human cells is questionable, and there may be concerns about the use of this drug. The present research suggests more investigations on the anti-leishmanial effects of oxaliplatin on other species of the genus *Leishmania* and its toxicity on different cell lines.
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